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TWO-FACTOR THEORY HAS STRONG
EMPIRICAL EVIDENCE OF VALIDITY

BEN A. WILLIAMS

UNIVERSITY OF CALIFORNIA, SAN DIEGO

Traditional two-factor theory is supported by parallels in the clinical literature. Theoretical problems
with two-factor theory are obviated by the role of safety signals, which serve as positive conditioned
reinforcers and retard the extinction of conditioned fear.
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One of my first courses as a graduate stu-
dent was a seminar entitled “Motivation and
Action” taught by Richard Herrnstein. This
was at the time that Herrnstein was writing
his 1969 paper on avoidance theory, which
serves as one of the major antagonists to
Dinsmoor’s (2001) cogent conceptual cri-
tique of shock-frequency reduction as an ac-
count of avoidance data. Even as a graduate
student I shared Dinsmoor’s current assess-
ment because it was not apparent how shock-
frequency reduction could make contact with
the rat’s behavior unless a discrimination was
formed between the stimulus complex prior
to bar pressing versus that after bar pressing.
Given such a discrimination, there seemed no
valid reason to reject the assumption of two-
factor theory that it was the reduction in aver-
siveness caused by the transition in the stim-
ulus complex that served as the reinforcer
that maintained the avoidance response.
Whether one made the additional assump-
tion that conditioned fear had developed due
to Pavlovian conditioning to the stimulus
complex preceding a bar press seemed to be
more an issue of theoretical style than empir-
ical substance.

Although I was an agnostic about this issue
of theoretical style when I was a graduate stu-
dent, I now believe that there are significant
empirical reasons for the utility of condi-
tioned fear as a theoretical construct, both in
terms of the details of the data and in terms
of its theoretical consistency with other areas
of research that seemed initially to be only
tangentially related. Two-factor theory also
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provides one of the most persuasive behav-
ioral accounts of important clinical phenom-
ena.

Perhaps the most compelling clinical ex-
ample is obsessive-compulsive behavior,
which follows the pattern predicted by two-
factor theory in remarkable detail. For pa-
tients who engage in compulsive hand wash-
ing, for example, the behavior is triggered by
the exposure to some anxiety-provoking stim-
ulus, such as medical scenes, accident sites,
or newspaper pictures of mayhem, with the
anxiety that is produced persisting until the
hand-washing behavior has occurred, at
which time the anxiety immediately dissi-
pates. There is a very close correspondence
between the reported urge to do the com-
pulsive behavior and the experienced anxiety
(Hodgson & Rachman, 1972). Furthermore,
the behavioral treatment procedure that has
been found most effective to eliminate the
compulsive behavior is the same that has
been found to be most effective in extin-
guishing avoidance behavior in the laborato-
ry: exposure to the fear-producing stimulus
while the avoidance response is prevented
(Meyer, 1966).

The parallel between avoidance behavior
in the laboratory and human neurotic behav-
ior that has generated the most attention to
two-factor theory is the extreme resistance to
extinction that is characteristic of both. The
failure of avoidance behavior to be extin-
guished in the laboratory has been viewed as
problematic for two-factor theory, because
continuation of avoidance behavior without
presentation of the aversive stimulus should
cause conditioned fear to be extinguished,
which should abolish the negative reinforcer
that two-factor theory postulates to maintain
the avoidance response. Because of this prob-
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lem, Solomon and Wynne (1954) postulated
the additional “processes” of ‘“partial irre-
versibility” and “conservation of anxiety.”
Such fudge factors now seem unnecessary be-
cause a significant part of the difficulty in ex-
tinguishing avoidance responding appears to
be due to higher order conditioning that oc-
curs within the different segments of the con-
ditional stimulus (CS) for fear. Levis and
Boyd (1979) provided important evidence for
the role of higher order conditioning by com-
paring the rate of extinction when the CS was
a single 15-s stimulus and when the CS was
composed of a serial compound of three dif-
ferent 5-s stimuli (CS1-CS2-CS3). Extinction
was much slower with the serial compound,
because responding to CSI was reinvigorated
whenever the latency to respond was greater
than the duration of CS1, thus causing CSI-
CS2 pairing to be renewed. Similarly, when
responding to CS2 finally also decreased suf-
ficiently for CS3 to occur, the CS2-CS3 pair-
ing reinvigorated both CS2 responding and
CS1 responding on subsequent trials. For
complete extinction to occur, all three ele-
ments of the compound had to be extin-
guished, which required a much greater
amount of training than when the CS was a
single stimulus. Stampfl (1987) has argued
that a similar pattern of extinction also occurs
for human neurotics.

It is important to recognize that the prob-
lem of resistance to extinction completely dis-
appears if one entertains the ‘“safety-signal”
version of two-factor theory. There is substan-
tial evidence that a CS— for an aversive un-
conditional stimulus (US) is functionally
equivalent to a CS+ for a positive US (e.g.,
Fowler, Goodman, & DeVito, 1977; Rescorla,
1969). As argued by Dinsmoor (2001), the
stimulus complex associated with the termi-
nation of a shock, or with a period of shock-
free time, should serve as a positive condi-
tioned reinforcer for avoidance responding.
Given that these safety signals have acquired
positive reinforcement value, avoidance re-
sponding should persist as long as that value
is maintained.

An adaptation of the Rescorla—Wagner
(1972) theory of Pavlovian conditioning to
operant behavior in fact predicts that avoid-
ance behavior should persist indefinitely dur-
ing extinction unless there are changes in the
conditioning context. If one assumes that any
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response associated with a negative discrimi-
native stimulus for shock will be energized,
the dynamics of such an explanation are as
follows: Assume that the effect of an aversive
stimulus is represented as a negative number,
and the effect of a positive reinforcer is rep-
resented as a positive number. Initially, before
avoidance responding occurs, situational
cues, including the CS, acquire conditioned
aversiveness (e.g., —100 value units). When
an avoidance response occurs, the shock is
not presented. Thus, the level of conditioned
value appropriate to the absence of a rein-
forcer is zero, so a discrepancy exists between
this zero value and the existing level of con-
ditioned fear to the situation. The result is
that the compound stimulus of the situational
cues and response-produced cues will gain
value in order to reduce this discrepancy. The
situational cues begin with a negative value
and so become less negative (e.g., —50 units
of value), whereas the response-produced
cues begin with zero value and thus acquire
positive value (e.g., +50 value units). When
the subject responds again, with no shock
presented, again the value expectation appro-
priate to the absence of shock is zero. But
now the sum of the values of the situational
cues and response-produced cues is also zero
because the negative value of the situational
cues is canceled by the positive value of the
response-produced cues. This produces an
equilibrium that causes further learning to
cease, but at that time the response-produced
cues have positive value so that the response
should persist indefinitely.

The reason that extinction of avoidance be-
havior does eventually occur can then be ex-
plained by random variation in the situational
cues (e.g., the time since the chamber was
last cleaned). Using the values from the pre-
ceding example, this would mean that the
negative value of the situation would be re-
duced by generalization decrement, let us as-
sume, to —30 units. Then the sum of this neg-
ative value with the positive value of
response-produced cues would be discrepant
with the zero value appropriate to the ab-
sence of a reinforcer. To reach an equilibri-
um, the values of the situational cues and the
response-produced cues would both be re-
duced, so that the response would decrease
in strength. Further trial-to-trial random var-
iations in the experimental context would
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eventually result in the response-produced
cues having zero value, so operant respond-
ing should no longer occur.

The preceding analysis depends upon the
assumption that conditioned inhibitors with
respect to shock (safety signals) are equiva-
lent to stimuli paired with positive reinforc-
ers. Substantial evidence exists for such equiv-
alence (see Dickinson & Pearce, 1977, and
Mackintosh, 1983, chap. 7, for discussions).

The concept of a safety signal also eluci-
dates other important phenomena. Noted by
Dinsmoor (2001) is its importance for under-
standing the finding of preference for sig-
naled over unsignaled response-independent
shock. According to the standard two-factor
theory, this preference seems paradoxical be-
cause the signaled shock alternative presum-
ably involves not only the aversiveness of the
shock but also the conditioned aversiveness
of the signal. However, when it is appreciated
that the situation in the absence of shock is
a safety signal, this paradox disappears.

A second application of the theoretical util-
ity of the concept of the safety signal is the
phenomenon of learned helplessness. When
animals are subjected to uncontrollable aver-
sive stimulation, their ability to learn subse-
quent operant behavior using avoidance con-
tingencies is severely impaired, relative both
to untrained controls and to subjects that
have received the same amount of aversive
stimulation in the initial phase of training but
with escape or avoidance contingencies that
allow termination of the shock. The usual
procedure is to yoke the inescapable-shock
subjects to the subjects that have the response
contingency, so that the duration and spacing
of shocks are made the same for the two
groups. Although the initial interpretation of
this finding was that the learned helplessness
effect was due to the learning of a “general-
ized expectancy”’ of there being no relation
between responding and aversive stimulation,
the addition of safety signals to the procedure
has shown this interpretation to be unneces-
sary. Jackson and Minor (1988) demonstrated
that the deficit normally due to pretraining
with inescapable shock could be eliminated
when safety signals were presented at the
time of shock-free periods that were pro-
duced by the responding of the master sub-
jects to terminate the shock. Analysis of this
finding suggested that the effect of the safety
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signal was to reduce fear of the experimental
context (also see Mineka, Cook, & Miller,
1984). For the master subjects the stimuli cor-
related with having just made a response pre-
sumably served as the safety signal, whereas
for the yoked subjects with inescapable shock
it was necessary to explicitly signal the times
when shock was not likely to occur. Thus,
learned helplessness apparently results from
the subject being in a highly aversive environ-
ment in which there are no signaled periods
of relief from the aversiveness. In other
words, learned helplessness is the result of
the predictability of the absence of shock,
rather than the availability of a response con-
tingency that allows the subject to control the
shock’s presentation. The fact that the master
subjects with the response contingency never
develop helplessness even without explicit
safety signals has the further implication that
safety signals are generated by the animal’s
own behavior being predictive of shock-free
times.

Although two-factor theory and safety-sig-
nal theory are sometimes portrayed as com-
peting accounts, there is no reason why their
separate underlying processes cannot operate
simultaneously. In fact the safety signals pro-
duced by the avoidance response may not
only provide positive reinforcement for that
response but also protect the fear condi-
tioned to the CS from extinguishing. An im-
portant but relatively unexplored finding in
the Pavlovian conditioning literature (e.g.,
Soltysik, Wolfe, Nicholas, Wilson, & Garcia-
Sanchez, 1983) is that presentation of a pre-
viously established conditioned inhibitor fol-
lowing the CS presentation during extinction
greatly retards the rate of extinction. If a sim-
ilar effect operates in avoidance procedures,
classical two-factor theory and safety-signal
theory are complementary rather than in
conflict. Taken together, they appear to pro-
vide a comprehensive explanation of all
known aspects of avoidance behavior.
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